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(54)  Receiving  mixer  circuit  for  mobile  radio  transceiver  designed  to  operate  with  multiple 
modulation  modes  and  multiple  frequency  bands  

(57)  A  receiving  mixer  for  a  mobile  radio  transceiver 
designed  to  operate  with  multiple  modulation  modes 
and  multiple  frequency  bands,  has  :  a  plurality  of  mixers 
each  for  converting  a  received  radio  frequency  signal  to 
an  intermediate  frequency;  a  common  connection  part 
to  which  output  terminals  of  said  mixers  are  connected 
in  common;  a  plurality  of  impedance  conversion  circuit 
connected  to  said  common  connection  part;  and  output 
terminals  for  said  impedance  conversion  circuit; 
wherein  said  mixers  are  equal  in  number  to  the  kinds  of 

frequencies  of  said  received  radio  frequency  signal,  the 
number  of  kinds  of  said  intermediate  frequencies  is  the 
same  as  the  number  of  modulation  modes  that  the  fre- 
quency  of  said  received  radio  frequency  signal  has,  the 
number  of  said  impedance  conversion  circuit  is  the 
same  as  the  number  of  kinds  of  said  intermediate  fre- 
quencies,  and  each  of  said  impedance  conversion  cir- 
cuit  passes  only  one  uniquely  predetermined  frequency 
out  of  said  kinds  of  intermediate  frequencies. 

CM 
<  
CO 
CO 

c o  
CM 
CO 
o  
Q_ 
LU 

RECEIVING  MIXES  CIRCUIT IN  FIRST  EMBODIMENT  OF  INVENTION 

Printed  by  Xerox  (UK)  Business  Services 
2.15.8/3.4 



1 EP  0  823  788  A2 2 

Description 

BACKGROUND  OF  THE  INVENTION 

I  .Field  of  the  Invention  s 

The  present  invention  relates  to  a  mobile  communi- 
cation  radio  transceiver  designed  to  operate  with  multi- 
ple  modulation  modes  and  multiple  frequency  bands, 
wherein  the  mobile  communication  radio  transceiver  10 
operates  by  switching  frequency  bands  or  modulation 
modes  in  a  plurality  of  mobile  communication  systems 
among  which  different  radio  frequency  bands  and  differ- 
ent  modulation  modes  are  used.  The  invention  also 
relates  to  a  receiving  mixer  circuit  for  such  a  mobile  is 
communication  radio  transceiver. 

2.  Related  art  of  the  Invention 

Figure  5  shows  an  example  of  a  prior  art  mobile  20 
radio  transceiver  configuration  for  implementing  simul- 
taneously  two  mobile  communication  systems  that  use 
two  different  modulation  modes  with  the  same  fre- 
quency  band  and  a  mobile  communication  system  that 
uses  either  of  tow  modulation  modes  and  two  different  25 
frequency  bands. 

Figure  5  shows  the  block  diagram  for  a  multi- 
mode  and  multi-band  mobile  radio  transceiver  that  oper- 
ates  by  switching  among  a  mobile  communication  sys- 
tem  A  which  uses  a  first  radio  frequency  band  and  a  first  30 
modulation  mode,  a  mobile  communication  system  B 
which  uses  a  second  radio  frequency  band  and 
employs  the  same  first  modulation  mode  as  the  system 
A,  and  a  mobile  communication  system  C  which  uses 
the  same  second  radio  frequency  band  as  the  system  B  35 
and  employs  a  second  modulation  mode. 

In  Figure  5,  reference  numeral  1  is  an  antenna,  2  is 
a  frequency  select  switch  for  switching  between  the  first 
and  second  radio  frequency  bands,  3  is  a  first  duplexer 
for  the  first  radio  frequency  band,  4  is  a  second  duplexer  40 
for  the  second  radio  frequency  band,  5  is  a  first  low- 
noise  amplifier  for  a  first  receive  frequency  band,  6  is  a 
second  low-noise  amplifier  for  a  second  receive  fre- 
quency  band,  7  is  a  first  receiving  mixer  for  the  first 
receive  frequency  band,  8  is  a  second  receiving  mixer  45 
for  the  second  receive  frequency  band,  9  is  a  first  local 
oscillator  for  the  first  radio  frequency  band,  10  is  a  sec- 
ond  local  oscillator  for  the  second  radio  frequency  band, 
13  is  a  first  intermediate-frequency  filter  with  a  first 
receive  bandwidth  corresponding  to  a  first  receive  inter-  so 
mediate  frequency  of  the  first  modulation  mode,  1  4  is  a 
second  intermediate-frequency  filter  with  a  second 
receive  bandwidth  corresponding  to  a  second  receive 
intermediate  frequency  of  the  second  modulation  mode, 
I  I  and  1  2  are  select  switches  for  directing  the  first  and  ss 
second  receive  intermediate-frequency  signals  to  the 
corresponding  intermediate-frequency  filters,  15  is  a 
first  demodulator  for  the  first  modulation  mode,  1  6  is  a 

second  demodulator  for  the  second  modulation  mode, 
17  is  a  first  transmitter  for  a  first  transmit  frequency 
band,  and  1  8  is  a  second  transmitter  for  a  second  trans- 
mit  frequency  band. 

As  an  example,  consider  the  case  where  the  first 
transmit  frequency  range  is  f1TX  =  1850  MHz  to  1910 
MHz,  the  first  receive  frequency  range  is  f1  RX  =  1930 
MHz  to  1990  MHz,  the  second  transmit  frequency  range 
is  f2TX  =  824  MHz  to  849  MHz,  the  second  receive  fre- 
quency  range  is  f2RX  =  869  MHz  to  894  MHz,  the  first 
receive  intermediate  frequency  is  f  1  1F  =  180  MHz,  the 
first  receive  bandwidth  is  W1  =  1  .23  MHz,  the  second 
receive  intermediate  frequency  is  f2IF  =  90  MHz,  and 
the  second  receive  bandwidth  is  W2  =  30  KHz. 

Referring  to  Figure  5,  the  operation  of  the  mobile 
communication  system  A  will  be  described  first.  A  signal 
on  the  first  radio  frequency  band  transmitted  from  a 
base  radio  transceiver  station  is  received  by  the 
antenna  1  ,  and  by  switching  the  frequency  select  switch 
2  to  the  A  side,  the  received  signal  is  fed  into  the  first 
duplexer  3  where  it  is  separated  from  the  transmitting 
signal.  The  separated  received  signal  is  amplified  by  the 
first  low-noise  amplifier  5,  and  converted  by  the  first 
receiving  mixer  7  to  the  first  receive  intermediate  fre- 
quency  f  1  1F.  By  switching  the  first  select  switch  1  1  to  the 
A  side,  the  output  signal  of  the  first  receiving  mixer  7  is 
fed  into  the  first  intermediate-frequency  filter  1  3.  After 
passing  through  the  first  intermediate-frequency  filter 
13,  the  signal  is  input  to  the  first  demodulator  15  for 
demodulation. 

Next,  the  operation  of  the  mobile  communication 
system  B  will  be  described.  A  signal  on  the  second  radio 
frequency  band  transmitted  from  a  base  radio  trans- 
ceiver  station  is  received  by  the  antenna  1,  and  by 
switching  the  frequency  select  switch  2  to  the  B  side,  the 
received  signal  is  fed  into  the  second  duplexer  4  where 
it  is  separated  from  the  transmitting  signal.  The  sepa- 
rated  received  signal  is  amplified  by  the  second  low- 
noise  amplifier  6,  and  converted  by  the  second  receiv- 
ing  mixer  8  to  the  first  receive  intermediate  frequency 
f  1  1F.  By  switching  the  first  select  switch  1  1  to  the  B  side 
and  the  second  select  switch  1  2  to  the  A  side,  the  output 
signal  of  the  second  receiving  mixer  8  is  fed  into  the  first 
intermediate-frequency  filter  13.  After  passing  through 
the  first  intermediate-frequency  filter  13,  the  signal  is 
input  to  the  first  demodulator  15  for  demodulation. 

Finally,  the  operation  of  the  mobile  communication 
system  C  will  be  described.  A  signal  on  the  second 
radio  frequency  band  transmitted  from  a  base  radio 
transceiver  station  is  received  by  the  antenna  1  ,  and  by 
switching  the  frequency  select  switch  2  to  the  B  side,  the 
received  signal  is  fed  into  the  second  duplexer  4  where 
it  is  separated  from  the  transmitting  signal.  The  sepa- 
rated  received  signal  is  amplified  by  the  second  low- 
noise  amplifier  6,  and  converted  by  the  second  receiv- 
ing  mixer  8  to  the  second  receive  intermediate  fre- 
quency  f2IF.  By  switching  the  second  select  switch  1  2  to 
the  B  side,  the  output  signal  of  the  second  receiving 
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mixer  8  is  fed  into  the  second  intermediate-frequency  fil- 
ter  1  4.  After  passing  through  the  second  intermediate- 
frequency  filter  14,  the  signal  is  input  to  the  second 
demodulator  1  6  for  demodulation. 

However,  since  the  select  switches  11  and  12  are  s 
needed  to  direct  the  signals  output  from  the  receiving 
mixers  to  the  appropriate  intermediate-frequency  filters 
corresponding  to  the  respective  modulation  modes,  the 
receiving  mixer  circuit  of  the  above  prior  art  configura- 
tion  has  had  the  problem  that  it  is  disadvantageous  in  w 
terms  of  the  size  and  cost  of  the  circuit. 

SUMMARY  OF  THE  INVENTION 

The  present  invention  has  been  devised  to  over-  is 
come  the  problem  of  the  prior  art,  and  an  object  of  the 
invention  is  to  provide  a  receiving  mixer  circuit  that  is 
inexpensive  and  small  in  circuit  size  by  using  imped- 
ance  conversion  circuits  and  thus  eliminating  the  need 
for  select  switches.  20 

The  present  invention  provides  a  receiving  mixer  for 
a  mobile  radio  transceiver  designed  to  operate  with  mul- 
tiple  modulations  and  multiple  frequency  bands  ,  com- 
prising:  a  plurality  of  mixers  each  for  converting  a 
received  radio  frequency  signal  to  an  intermediate  fre-  25 
quency;  a  common  connection  part  to  which  output  ter- 
minals  of  said  mixers  are  connected  in  common;  a 
plurality  of  impedance  conversion  means  connected  to 
said  common  connection  part;  and  output  terminals  for 
said  impedance  conversion  means;  wherein  said  mixers  30 
are  equal  in  number  to  the  kinds  of  frequencies  of  said 
received  radio  frequency  signal,  the  number  of  kinds  of 
said  intermediate  frequencies  is  the  same  as  the 
number  of  modulation  modes  that  the  frequency  of  said 
received  radio  frequency  signal  has,  the  number  of  said  35 
impedance  conversion  means  is  the  same  as  the 
number  of  kinds  of  said  intermediate  frequencies,  and 
each  of  said  impedance  conversion  means  passes  only 
one  uniquely  predetermined  frequency  out  of  said  kinds 
of  intermediate  frequencies.  40 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  simplified  block  diagram  of  a  mobile 
radio  transceiver  according  to  a  first  embodiment  of  the  45 
present  invention,  designed  to  operate  in  a  plurality  of 
mobile  communication  systems  among  which  two  fre- 
quency  bands  and  two  transmission  systems  are  used. 

Figure  2  is  a  simplified  block  diagram  of  a  mobile 
radio  transceiver  according  to  a  second  embodiment  of  so 
the  present  invention,  designed  to  operate  in  a  plurality 
of  mobile  communication  systems  among  which  two  fre- 
quency  bands  and  two  transmission  systems  are  used. 

Figure  3  is  a  simplified  block  diagram  of  a  mobile 
radio  transceiver  according  to  a  third  embodiment  of  the  55 
present  invention,  designed  to  operate  in  a  plurality  of 
mobile  communication  systems  among  which  two  fre- 
quency  bands  and  two  transmission  systems  are  used. 

Figure  4  is  a  detailed  circuit  diagram  of  a  receiving 
mixer  using  dual-gate  FETs  according  to  a  fourth 
embodiment  of  the  present  invention. 

Figure  5  is  a  simplified  block  diagram  of  a  mobile 
radio  transceiver  according  to  prior  art,  designed  to 
operate  in  a  plurality  of  mobile  communication  systems 
among  which  two  frequency  bands  and  two  transmis- 
sion  systems  are  used. 

[DESCRIPTION  OF  THE  NUMERALS] 

1  .  Antenna, 
2.  First  duplexer 
3.  Second  duplexer 
4.  First  low-noise  amplifier 
5.  Second  low-noise  amplifier 
6.  First  receiving  mixer 
7.  Second  receiving  mixer 
8.  First  local  oscillator 
9.  Second  local  oscillator 
10.  First  switch 
1  1  .  Second  switch 
12.  First  receive  intermediate-frequency  filter 
13.  Second  receive  intermediate-frequency  filter 
14.  First  demodulator,  15.  Second  demodulator 
16.  First  Transmitter 
1  7.  Second  transmitter 
1  1  8.  First  phaser  (phase  shifter) 
1  1  9.  Second  phaser  (phase  shifter) 
218.  First  transmission  line 
219.  Second  transmission  line 
401  .  First  receive  frequency  matching  circuit 
402.  First  local  oscillator  frequency  matching  circuit 
403.  Second  receive  frequency  matching  circuit 
404.  Second  local  oscillator  frequency  matching  cir- 
cuit 
405.  First  dual-gate  FET 
406.  Second  dual-gate  circuit 
407.  First  first-gate-biasing  circuit 
408.  First  second-gate-biasing  circuit 
409.  Second  first-gate-biasing  circuit 
410.  Second  second-gate-biasing  circuit 
41  1  .  First  drain-biasing  circuit 
412.  Second  drain-biasing  circuit 
413.  First  receive  intermediate  frequency  matching 
circuit,  414.  Second  receive  intermediate  frequency 
matching  circuit,  415.  Capacitor 
416.  Capacitor 
417.  First  impedance  conversion  circuit 
418.  Second  impedance  conversion  circuit 
419.  First  local  oscillator  frequency  input  terminal 
420.  First  receive  frequency  input  terminal 
421.  Second  local  oscillator  frequency  input  termi- 
nal 
422.  Second  receive  frequency  input  terminal 
423.  First  receive  intermediate  frequency  output 
terminal 
424.  Second  receive  intermediate  frequency  output 
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terminal 

PREFERRED  EMBODIMENTS  OF  THE  INVENTION 

Embodiments  of  the  present  invention  will  be  s 
described  below  with  reference  to  drawings. 

For  simplicity  of  explanation,  the  embodiments 
hereinafter  described  deal  with  the  configuration  of  a 
composite  mobile  radio  transceiver  for  use  in  mobile 
communication  systems  among  which  two  modulation  10 
modes  and  two  frequency  band  methods  are  used, 
wherein  the  composite  mobile  radio  transceiver  oper- 
ates  by  switching  among  a  mobile  communication  sys- 
tem  A  which  uses  the  first  radio  frequency  band  and  the 
first  modulation  mode,  a  mobile  communication  system  is 
B  which  uses  the  second  radio  frequency  band  and 
employs  the  same  first  modulation  mode  as  the  mobile 
communication  system  A,  and  a  mobile  communication 
system  C  which  uses  the  same  second  radio  frequency 
band  as  the  mobile  communication  system  B  and  20 
employs  the  second  modulation  mode. 

Figure  1  shows  the  block  diagram  for  a  first  embod- 
iment  of  the  present  invention.  In  Figure  1  ,  reference 
numeral  1  is  an  antenna,  2  is  a  frequency  select  switch 
for  switching  between  the  first  and  second  radio  fre-  25 
quency  bands,  3  is  a  first  duplexer  for  the  first  radio  fre- 
quency  band,  4  is  a  second  duplexer  for  the  second 
radio  frequency  band,  5  is  a  first  low-noise  amplifier  for 
a  first  receive  frequency  band,  6  is  a  second  low-noise 
amplifier  for  a  second  receive  frequency  band,  7  is  a  30 
first  receiving  mixer  for  the  first  receive  frequency  band, 
8  is  a  second  receiving  mixer  for  the  second  receive  fre- 
quency  band,  9  is  a  first  local  oscillator  for  the  first  radio 
frequency  band,  10  is  a  second  local  oscillator  for  the 
second  radio  frequency  band,  1  3  is  a  first  intermediate-  35 
frequency  filter  having  a  first  receive  bandwidth  for 
passing  a  first  receive  intermediate  frequency  of  the  first 
modulation  mode,  14  is  a  second  intermediate-fre- 
quency  filter  having  a  second  receive  bandwidth  for 
passing  a  second  receive  intermediate  frequency  of  the  40 
second  modulation  mode,  1  5  is  a  first  demodulator  for 
the  first  modulation  mode,  1  6  is  a  second  demodulator 
for  the  second  modulation  mode,  1  7  is  a  first  transmitter 
for  a  first  transmit  frequency  band,  and  18  is  a  second 
transmitter  for  a  second  transmit  frequency  band.  Fur-  45 
ther,  reference  numeral  119  is  a  first  phaser  (phase 
shifter),  and  120  is  a  second  phaser  (phase  shifter).  The 
first  phaser  (phase  shifter)  1  19  and  the  second  phaser 
(phase  shifter)  1  20  are  connected  together  at  their  input 
side.  so 

Here,  as  in  the  prior  art  example,  consider  the  case 
where  the  first  transmit  frequency  range  is  f  1  TX  =  1  850 
MHz  to  1910  MHz,  the  first  receive  frequency  range  is 
f  1  RX  =  1  930  MHz  to  1  990  MHz,  the  second  transmit  fre- 
quency  range  is  f2TX  =  824  MHz  to  849  MHz,  and  the  55 
second  receive  frequency  range  is  f2RX  =  869  MHz  to 
894  MHz,  while  the  first  receive  intermediate  frequency 
is  f1  IF  =  180  MHz,  the  first  receive  bandwidth  is  W1  = 
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1  .23  MHz,  the  second  receive  intermediate  frequency  is 
f2IF  =  90  MHz,  and  the  second  receive  bandwidth  is  W2 
=  30  KHz. 

Referring  to  Figure  1  ,  the  operation  of  the  mobile 
communication  system  A  will  be  described  first.  A  signal 
on  the  first  radio  frequency  band  transmitted  from  a 
base  radio  transceiver  station  is  received  by  the 
antenna  1  ,  and  by  switching  the  frequency  select  switch 
2  to  the  A  side,  the  received  signal  is  fed  into  the  first 
duplexer  3  where  it  is  separated  from  the  transmitting 
signal. 

The  separated  received  signal  is  amplified  by  the 
first  low-noise  amplifier  5,  and  converted  by  the  first 
receiving  mixer  7  to  the  receive  intermediate  frequency 
f  1  1F  of  the  first  modulation  mode.  Here,  the  phase  (|>1  of 
the  first  phaser  (phase  shifter)  1  1  9  is  rotated  so  as  to 
increase  the  impedance  to  the  second  receive  interme- 
diate  frequency  f2IF  without  impairing  the  pass  charac- 
teristic  of  the  first  receive  intermediate  frequency  f1  IF. 
At  the  same  time,  the  phase  §2  of  the  second  phaser 
(phase  shifter)  120  is  rotated  so  as  to  increase  the 
impedance  to  the  receive  intermediate  frequency  f  1  1F  of 
the  first  modulation  mode  to  block  the  output  of  the  first 
receive  intermediate  frequency  while  not  impairing  the 
pass  characteristic  of  the  second  receive  intermediate 
frequency  f2IF  and  thus  allowing  it  to  pass  through  for 
output.  As  a  result,  the  output  signal  of  the  first  receiving 
mixer  7  is  input  to  the  first  intermediate-frequency  filter 
13  having  the  bandwidth  W1  corresponding  to  the 
receive  intermediate  frequency  f1  IF  of  the  first  modula- 
tion  mode.  After  passing  through  the  first  intermediate- 
frequency  filter  13,  the  signal  is  input  to  the  first  demod- 
ulator  15  for  demodulation. 

Next,  the  operation  of  the  mobile  communication 
system  B  will  be  described.  A  signal  on  the  second  radio 
frequency  band  transmitted  from  a  base  radio  trans- 
ceiver  station  is  received  by  the  antenna  1,  and  by 
switching  the  frequency  select  switch  2  to  the  B  side,  the 
received  signal  is  fed  into  the  second  duplexer  4  where 
it  is  separated  from  the  transmitting  signal.  The  sepa- 
rated  received  signal  is  amplified  by  the  second  low- 
noise  amplifier  6,  and  converted  by  the  second  receiv- 
ing  mixer  8  to  the  receive  intermediate  frequency  f  1  1F  of 
the  first  modulation  mode.  The  output  signal  (first 
receive  intermediate  frequency)  of  the  second  receiving 
mixer  8  is  input  to  the  first  and  second  phasers  (phase 
shifters)  operating  on  the  principles  described  for  the 
operation  of  the  mobile  communication  system  A,  so 
that  only  the  first  receive  intermediate  frequency  f  1  1F  is 
input  to  the  first  intermediate-frequency  filter  13  having 
the  bandwidth  W1  corresponding  to  the  receive  inter- 
mediate  frequency  f  1  1F  of  the  first  modulation  mode. 
After  passing  through  the  first  intermediate-frequency 
filter  1  3,  the  signal  is  input  to  the  first  demodulator  1  5  for 
demodulation. 

Finally,  the  operation  of  the  mobile  communication 
system  C  will  be  described.  A  signal  on  the  second 
radio  frequency  band  transmitted  from  a  base  radio 
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transceiver  station  is  received  by  the  antenna  1  ,  and  by 
switching  the  frequency  select  switch  2  to  the  B  side,  the 
received  signal  is  fed  into  the  second  duplexer  4  where 
it  is  separated  from  the  transmitting  signal.  The  sepa- 
rated  received  signal  is  amplified  by  the  second  low- 
noise  amplifier  6,  and  by  adjusting  the  second  local 
oscillator  10,  the  signal  is  converted  by  the  second 
receiving  mixer  8  to  the  receive  intermediate  frequency 
f2IF  of  the  second  modulation  mode.  The  output  signal 
(second  receive  intermediate  frequency)  of  the  second 
receiving  mixer  8  is  input  to  the  first  and  second  phasers 
(phase  shifters)  operating  on  the  principles  described 
for  the  operation  of  the  mobile  communication  system 
A,  so  that  only  the  second  receive  intermediate  fre- 
quency  f2IF  is  input  to  the  second  intermediate-fre- 
quency  filter  14  having  the  bandwidth  W2 
corresponding  to  the  receive  intermediate  frequency 
f2IF  of  the  second  modulation  mode.  After  passing 
through  the  second  intermediate-frequency  filter  14,  the 
signal  is  input  to  the  second  demodulator  1  6  for  demod- 
ulation. 

Figure  2  shows  the  block  diagram  for  a  second 
embodiment  of  the  present  invention. 

In  Figure  2,  reference  numeral  219  is  a  first  trans- 
mission  line  corresponding  to  the  first  phaser  (phase 
shifter)  119  as  an  impedance  conversion  circuit  in  the 
first  embodiment,  and  220  is  a  second  transmission  line 
corresponding  to  the  second  phaser  (phase  shifter)  1  20 
as  an  impedance  conversion  circuit  in  Figure  1.  Other- 
wise,  the  configuration  is  the  same  as  that  of  the  first 
embodiment,  and  therefore,  a  detailed  explanation  will 
be  omitted  here.  By  adjusting  the  transmission  line 
lengths  L1  and  L2,  the  transmission  lines  are  capable  of 
the  same  impedance  conversion  as  achieved  by  the 
phasers  (phase  shifters)  of  the  first  embodiment,  and 
the  same  effect  can  be  obtained  by  the  use  of  these 
transmission  lines. 

Figure  3  shows  the  block  diagram  for  a  third  embod- 
iment  of  the  present  invention.  In  Figure  3,  reference 
numeral  319  is  a  first  lumped-constant  circuit  corre- 
sponding  to  the  first  phaser  (phase  shifter)  119  as  an 
impedance  conversion  circuit  in  the  first  embodiment, 
and  320  is  a  second  lumped-constant  circuit  corre- 
sponding  to  the  second  phaser  (phase  shifter)  120  as 
an  impedance  conversion  circuit  in  the  first  embodi- 
ment.  Otherwise,  the  configuration  is  the  same  as  that 
of  the  first  embodiment,  and  therefore,  a  detailed  expla- 
nation  will  be  omitted  here.  The  same  effect  as  achieved 
in  the  first  and  second  embodiments  can  be  obtained  by 
constructing  the  first  lumped-constant  circuit  319  as  a 
high-pass  filter  circuit  that  passes  the  receive  intermedi- 
ate  frequency  of  180  MHz  but  blocks  the  receive  inter- 
mediate  frequency  of  90  MHz,  and  the  second  lumped- 
constant  circuit  320  as  a  low-pass  filter  circuit  that 
passes  the  receive  intermediate  frequency  of  90  MHz 
but  blocks  the  receive  intermediate  frequency  of  180 
MHz. 

The  description  of  the  first,  second,  and  third 

embodiments  has  dealt  with  the  configuration  of  a 
mobile  radio  transceiver  operating  in  three  composite 
mobile  communication  systems  among  which  two  mod- 
ulation  modes  and  two  frequency  bands  are  used,  but  it 

5  will  be  recognized  that  similar  configurations  can  be  fab- 
ricated  for  four  composite  mobile  communication  sys- 
tems  among  which  two  modulation  modes  and  two 
frequency  bands  are  used,  or  for  other  composite 
mobile  communication  systems  among  which  three  or 

10  more  modulation  modes  and  three  or  more  frequency 
bands  are  used. 

Furthermore,  although  the  above  embodiments 
have  been  described  based  on  particular  frequency 
sets,  it  will  be  appreciated  that  the  configurations  can  be 

is  similarly  fabricated  if  other  frequency  sets  are  used. 
Figure  4  is  a  detailed  circuit  diagram  showing  an 

example  of  the  receiving  mixer  circuit  as  used  in  the 
first,  second,  and  third  embodiments  but  using  dual- 
gate  FETs  according  to  a  fourth  embodiment  of  the 

20  present  invention. 
In  Figure  4,  reference  numeral  401  is  a  first  receive 

frequency  matching  circuit,  402  is  a  first  local  oscillator 
frequency  matching  circuit,  403  is  a  second  receive  fre- 
quency  matching  circuit,  404  is  a  second  local  oscillator 

25  frequency  matching  circuit,  405  is  a  first  dual-gate  FET, 
406  is  a  second  dual-gate  FET,  407  is  a  first  first-gate- 
biasing  circuit,  408  is  a  first  second-gate-biasing  circuit, 
409  is  a  second  first-gate-biasing  circuit,  410  is  a  sec- 
ond  second-gate-biasing  circuit,  411  is  a  first  drain-bias- 

30  ing  circuit,  41  2  is  a  second  drain-biasing  circuit,  41  3  is  a 
first  receive  intermediate  frequency  matching  circuit, 
414  is  a  second  receive  intermediate  frequency  match- 
ing  circuit,  415  and  416  are  DC-cut  capacitors,  417  is  a 
first  impedance  conversion  circuit,  418  is  a  second 

35  impedance  conversion  circuit,  41  9  is  a  first  local  oscilla- 
tor  frequency  input  terminal,  420  is  a  first  receive  fre- 
quency  input  terminal,  421  is  a  second  local  oscillator 
frequency  input  terminal,  422  is  a  second  receive  fre- 
quency  input  terminal,  423  is  a  first  receive  intermediate 

40  frequency  output  terminal,  and  424  is  a  second  receive 
intermediate  frequency  output  terminal. 

Operation  will  be  described  next.  As  an  example, 
consider  the  case  where  the  first  receive  frequency 
range  is  f1RX  =  1930  MHz  to  1990  MHz,  the  second 

45  receive  frequency  range  is  f2RX  =  869  MHz  to  894 
MHz,  the  first  local  oscillator  frequency  band  is  f  1  LO  = 
2110  MHz  to  2170  MHz,  the  second  local  oscillator  fre- 
quency  band  is  f2LO  =  959  MHz  to  1074  MHz,  the  first 
receive  intermediate  frequency  is  fl  IF  =  180  MHz,  the 

so  first  receive  bandwidth  is  W1  =  1  .23  MHz,  the  second 
receive  intermediate  frequency  is  f2IF  =  90  MHz,  and 
the  second  receive  bandwidth  is  W2  =  30  KHz. 

First,  the  mobile  communication  system  A  will  be 
described.  A  dual-gate  FET  mixer  is  constructed  by 

55  connecting  the  matching  circuit  401  and  biasing  circuit 
407  to  the  first  gate  of  the  first  dual-gate  FET  405,  the 
matching  circuit  402  and  biasing  circuit  408  to  the  sec- 
ond  gate,  and  the  matching  circuit  413  and  biasing  cir- 

5 
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cuit  41  1  to  the  drain.  The  first  gate  of  the  first  dual-gate 
FET  405  is  supplied  with  a  signal  of  the  first  receive  fre- 
quency  f1RX  input  via  the  terminal  420  and  passed 
through  the  matching  circuit  401  ,  while  the  second  gate 
thereof  is  supplied  with  a  signal  of  the  first  local  oscilla-  5 
tor  frequency  f1LO  input  via  the  terminal  419  and 
passed  through  the  matching  circuit  402.  In  this  situa- 
tion,  a  signal  converted  to  the  first  receive  intermediate 
frequency  fl  IF  is  output  from  the  drain,  and  passed 
through  the  matching  circuit  41  3  and  through  the  capac-  w 
itor  415  in  this  order.  Here,  the  phase  (|>1  of  the  first 
impedance  conversion  circuit  417  is  adjusted  so  as  to 
increase  the  impedance  to  the  receive  intermediate  fre- 
quency  f2IF  of  the  second  modulation  mode,  thus  block- 
ing  the  output  of  the  second  receive  intermediate  75 
frequency  f2IF  and  allowing  only  the  first  receive  inter- 
mediate  frequency  f  1  1F  to  be  output,  and  the  phase  §2 
of  the  second  impedance  conversion  circuit  418  is 
adjusted  so  as  to  increase  the  impedance  to  the  receive 
intermediate  frequency  fl  IF  of  the  first  modulation  20 
mode,  thus  blocking  the  output  of  the  first  receive  inter- 
mediate  frequency  f1  IF  and  allowing  only  the  second 
receive  intermediate  frequency  f2IF  to  be  output.  As  a 
result,  the  output  signal  of  the  first  receiving  mixer  is 
output  at  the  terminal  423.  25 

Next,  the  mobile  communication  systems  B  and  C 
will  be  described.  A  dual-gate  FET  mixer  is  constructed 
by  connecting  the  matching  circuit  403  and  biasing  cir- 
cuit  409  to  the  first  gate  of  the  second  dual-gate  FET 
406,  the  matching  circuit  404  and  biasing  circuit  410  to  30 
the  second  gate,  and  the  matching  circuit  41  4  and  bias- 
ing  circuit  412  to  the  drain.  The  first  gate  of  the  second 
dual-gate  FET  406  is  supplied  with  a  signal  of  the  sec- 
ond  receive  frequency  f2RX  input  via  the  terminal  422 
and  passed  through  the  matching  circuit  403,  while  the  35 
second  gate  thereof  is  supplied  with  a  signal  of  the  sec- 
ond  local  oscillator  frequency  f2LO  input  via  the  termi- 
nal  421  and  passed  through  the  matching  circuit  404.  In 
this  situation,  from  the  drain  is  output  a  signal  converted 
to  the  first  receive  intermediate  frequency  f  1  1F  in  the  40 
case  of  the  mobile  communication  system  B,  or  a  signal 
converted  to  the  second  receive  intermediate  frequency 
f2IF  in  the  case  of  the  mobile  communication  system  C, 
and  the  output  signal  is  then  passed  through  the  match- 
ing  circuit  414  and  through  the  capacitor  416  in  this  45 
order.  Here,  based  on  the  operating  principles  of  the 
impedance  conversion  circuits  417  and  418  as 
described  for  the  mobile  communication  system  A,  the 
output  signal  of  the  first  receiving  mixer  for  the  mobile 
communication  system  B  is  output  at  the  terminal  423,  so 
and  the  output  signal  of  the  second  receiving  mixer  for 
the  mobile  communication  system  C  is  output  at  the  ter- 
minal  424. 

As  is  apparent  from  the  above  description,  the 
present  invention  has  the  effect  of  being  able  to  achieve  55 
a  receiving  mixer  circuit  that  is  inexpensive,  small  in  cir- 
cuit  size,  and  does  not  need  control  by  select  switches 
as  required  in  the  prior  art,  for  a  mobile  radio  transceiver 

designed  to  operate  in  mobile  communication  systems 
among  which  multiple  modulation  modes  and  multiple 
frequency  band  methods  are  used. 

Claims 

1.  A  receiving  mixer  for  a  mobile  radio  transceiver 
designed  to  operate  with  multiple  modulation 
modes  and  multiple  frequency  bands,  comprising:  a 
plurality  of  mixers  each  for  converting  a  received 
radio  frequency  signal  to  an  intermediate  fre- 
quency;  a  common  connection  part  to  which  output 
terminals  of  said  mixers  are  connected  in  common; 
a  plurality  of  impedance  conversion  means  con- 
nected  to  said  common  connection  part;  and  output 
terminals  for  said  impedance  conversion  means; 
wherein  said  mixers  are  equal  in  number  to  the 
kinds  of  frequencies  of  said  received  radio  fre- 
quency  signal,  the  number  of  kinds  of  said  interme- 
diate  frequencies  is  the  same  as  the  number  of 
modulation  modes  that  the  frequency  of  said 
received  radio  frequency  signal  has,  the  number  of 
said  impedance  conversion  means  is  the  same  as 
the  number  of  kinds  of  said  intermediate  frequen- 
cies,  and  each  of  said  impedance  conversion 
means  passes  only  one  uniquely  predetermined 
frequency  out  of  said  kinds  of  intermediate  frequen- 
cies. 

2.  A  receiving  mixer  circuit  according  to  claim  1, 
wherein  phasers  (phase  shifters)  are  used  as  said 
impedance  conversion  circuits. 

3.  A  receiving  mixer  circuit  according  to  claim  1, 
wherein  transmission  lines  are  used  as  said  imped- 
ance  conversion  circuits. 

4.  A  receiving  mixer  circuit  according  to  claim  1, 
wherein  lumped-constant  circuits  are  used  as  said 
impedance  conversion  circuits. 

5.  A  receiving  mixer  circuit  according  to  any  one  of 
claims  1  to  4,  wherein  said  mixer  uses  a  dual-gate 
FET  whose  source  is  grounded,  whose  first  gate  is 
connected  to  a  receive  frequency  matching  means 
and  a  first  gate  bias  supplying  means,  whose  sec- 
ond  gate  is  connected  to  a  local  oscillator  frequency 
matching  means  and  a  second  gate  bias  supplying 
means,  and  whose  drain  is  connected  to  a  receive 
intermediate  frequency  matching  means  and  a 
drain  bias  supplying  means. 

6.  A  receiving  mixer  circuit  according  to  claim  5, 
wherein  said  dual-gate  FET,  said  receive  frequency 
matching  means,  said  bias  supplying  means,  and 
said  impedance  conversion  circuits  are  fabricated 
on  the  same  semiconductor  substrate. 

6 
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A  receiving  mixer  circuit  according  to  claim  5  or  6, 
wherein  the  source  of  said  dual-gate  FET  is  con- 
nected  to  a  resistor  and  a  capacitor  in  parallel, 
whose  other  ends  are  grounded  to  bias  the  first  and 
second  gates  of  said  dual-gate  FET  to  ground  5 
potential. 

A  mobile  communication  radio  transceiver  compris- 
ing:  a  receiving  mixer  circuit  according  to  any  one  of 
claims  1  to  7;  demodulating  means  for  demodulat-  10 
ing  the  outputs  of  said  impedance  conversion 
means;  and  a  speaker  for  converting  the  demodu- 
lated  signals  into  sound. 
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